1-(4-Bromophenyl)-3-ethyl-(3,5,6,7-tetra-Oacetyl-1,2-dideoxy-D-glycero-fl-D-talo-heptofuranoso)-
SULFAPHENAZOLE 36.5 (4) ° . The planes of the benzene rings of the sulfonilamide moieties in molecules A and B are inclined with respect to the planes of the pyrazole rings at 53.5 (4) and 75.9 (3) ° respectively. The planes of benzene tings and the pyrazole rings in molecules A and B are rotated with respect to each other by 46.9 (4) and 69.1 (4) ° respectively. As has been observed in other sulfonamides (Haridas & Singh, 1987) , both molecules adopt gauche conformations about the S-N bonds with torsion angles of-73.7 (8) and 94.0 (8) ° respectively. The torsion angle S(8)-N(ll)-C(12)-N(16) is -107.1 (9) ° in molecule A while the corresponding angle in B is -119.7 (8) °. As has been described above, it is clear that the two crystallographically independent molecules have identical molecular dimensions but substantially different conformations. This shows that sulfaphenazole is a flexible molecule capable of undergoing conformational change as a result of variation in the intermolecular interactions while the molecular dimensions remain unchanged.
Molecular packing and hydrogen bonding. The crystal structure as seen down the b axis is shown in Fig. 2 . The molecules are packed rather compactly and form hydrogen-bonded helices along the screw axes. These helices are formed as a result of N-H...N-type hydrogen bonds involving the imino nitrogen atoms N(ll) and N(33) as proton donors and the heteronitrogen atoms N(37) and N(15) of the five-membered rings as the corresponding acceptors. The interior of'the helix is filled with screw-related benzene rings. The sulfonilamide moieties are disposed outwardly from the helix and provide the interhelix linkage through hydrogen bonds and van der Waals forces. The amino nitrogen atoms N(7) and N(29) form hydrogen bonds ,with O(9) and O(10) respectively. The sulfonyl oxygen atoms 0(31) and 0(32) of molecule B form van der Waals contacts with C(18), C(19) and C(14), N(15) respectively. It is observed that the two crystallographically independent molecules A and B are involved in different types of intermolecular interactions and hence exhibit conformational variability, thus showing the flexible nature of the sulfaphenazole molecule. This might mean that this molecule is adaptable to the variable stereochemical receptor site. * IUPAC name: 1-{6-acetoxy-3-bromophenyl-2-thioxo-2,3,3a,-5,6,6a-tetrahydro-1H-furo[2,3-d]imidazol-5-yl }propane-1,2,3-triyl triacetate. The sugar ring adopts the 4E conformation and the dihedral angle in the bicycle system is 71.5 (7) ° . The crystal cohesion is mainly due to van der Waals interactions but some C-H...O intermolecular contacts should be considered as weak hydrogen bonds. The lattice energy was computed in the atom-atom approach using van der Waals potential functions. The Coulombic term makes an important contribution to the lattice energy but no significant changes in structural parameters are obtained from its consideration.
Introduction.
The structure determination of the title compound (I) was undertaken as part of a research project in this laboratory involving glucimidazoles and imidazole C-nucleosides. Recently, some compounds derived from 2-(alkylamino)-2-deoxyheptoses and 2-(alkylamino)-2-deoxyhexoses, prepared in the Organic Chemistry Department of the University of Extremadura, have been reported (e.g. Estrada, Conde & M/lrquez, 1983 , 1986 Conde, Millhn, Conde & Mitrquez, 1985a , 1985b and in this paper we report the structural analysis of a tetra-O-acetyl derivative. The aim of these studies is to establish the conformational details of these molecules in the solid state. The application of aminonitrile synthesis to the preparation of the new 2-(ethylamino)-2-deoxyheptose having Dglycero-D-talo configuration and its reaction with 4-bromophenyl isothiocyanate to afford the title compound has been reported elsewhere (Galbis-P6rez, Palacios-Albarrim, Jim~nez-Requejo & Avalos-Gonz~lez, 1984). Its chemical nature was established from elemental analysis and spectroscopic IR and ~H NMR data. Single crystals in the form of colourless needles elongated along [001]. Crystal 0.20 × 0.30 × 0.40mm. The poor quality of the crystals made selection difficult and should limit the accuracy of diffraction data. Unit-cell parameters from 25 reflexions 4 < 0 < 8 °. Enraf-Nonius CAD-4 diffractometer, graphite monochromator, 2 < 0 < 30 °, 0 < h < 22, 0<k<32, 0<l<10, 09-20 scan mode. Two standard reflexions (360, 360), variation in intensity < 2% of the mean value. 2703 independent reflexions measured, 1060 unobserved [I<2tr(/)]. Lorentz and polarization correction, no corrections for absorption or extinction; Patterson function and heavy-atom method with initial set of phases based on Br and S atom positions. Full-matrix least-squares refinement on F, anisotropic. The enantiomorphic form was established in agreement with that defined by reference to the sugar moiety (Galbis-P6rez et al., 1984) . H-atom coordinates calculated at expected geometry (C-H = 1.08 A); isotropic temperature factor B = 4.0 A 2 for H atoms. Further least-squares refinement keeping the H atoms in calculated positions and anomalousdispersion correction for Br and S atomic scattering factors (International Tables for X-ray Crystallog raphy, 1974) Ap > -0.25 e A -3. Crystallographic programs of the XRA Y76 system (Stewart, Machin, Dickinson, Ammon, Heck & Flack, 1976) .
Discussion. Fractional atomic coordinates and equivalent isotropic temperature factors (Hamilton, 1959) for non-hydrogen atoms are listed in Table 1 .* Molecular conformation and atom labelling are illustrated in Fig. 1 . Bond lengths and angles involving non-hydrogen atoms are given in Table 2 .
Molecular geometry
Bond distances and angles in the imidazolidine ring agree with the mean values reported for analogous glycofuranosoimidazolidine-2-thione compounds (Estrada, Conde & M~rquez, 1983 , 1986 Conde, Mill~n, Conde & M~rquez, 1985a,b) . The S-C bond length of 1.688 (17)A and those observed for N(1)-C(1)= 1.35 (2) and N(2)--C(1)= 1.34 (2)A indicate the contribution of the canonical resonance forms of the thiourea system:
This compound does not show asymmetry of the endocyclic N--C bonds, in agreement with results recently reported (Estrada, Conde & Mfirquez, 1986 forms a dihedral angle of 112.3 (6) ° with the imidazolidine ring and this value, which approaches the 90 ° value corresponding to a minimum of the intramolecular energy, indicates a significant contribution of intramolecular (phenyl-imidazolidine) potential 1.420 (19) and O1-C5 = 1.398 (18) A, a typical feature of these compounds due to anomeric effects, is difficult to establish in this case because of the high e.s.d.'s. In terms of the ring-puckering coordinates (Cremer & Pople, 1975) , the amplitude and phase magnitudes are Q = 0.406 (16)A and tp = 141 (2) ° for the sequence O1-C2-C3-C4-C5 and the resulting conformation is near to the puckering mode 4E, as found for analogous compounds (Estrada, Conde & M~quez, 1984 , 1986 
distances (A) and angles (o)
1.90 (1) S-C 1 1.42 (2) O 1-C5 1.43 (2) O2-C 17 1.44 (2) O3-C 19 1.41 (2) O4-C21 1.43 (2) O5-C23 1.17 (3) O7-C19 1.15 (3) O9-C23 1.35 (2) NI--C2 1.43 (2) N2-C I 1-45 (2) N2-C 15 1-55 (2) C3-C4 1-52 (2) C5-C6 1.53 (2) C7-C8 1.37 (2) C9-C14 1.39 (2) C1 I-C12 1.38 (2) C13-C14 1.53 (3) C17-C18 1.51 (3) C21-C22 1.49 (2) 107 (1) C4-O2-C 17
04-c7-c6 I 11 (1) O4-C7-C8 113 (I) Nl-C9-C 14 119 (1) C10-C9-CI4 119 (1) CI0-Cll-C12 120 (l) CI l-Cl2-Cl3 117 (1) C12-C13-C14 121 (l) N2-C15-C16
(2)
O6-C 17-C 18 110 (2) O3-C 19-O7 127 (2) O3-C 19-C20 128 (2) O8-C21-C22 110 (2) O5-C23-O9 126 (2) O5-C23-C24 The asymmetry parameter of Nardelli (1983) , AC s-(C5)=0.012 (9), indicates approximate mirror symmetry in the ring. The small value of the torsion angle O1-C2-C3-C4 = 0.9 (16) °, a typical feature of these compounds, may be attributed to the distortion of the furanose group on its fusion with the imidazolidine ring. The two fused rings in the bicyclic system show a cis form of coupling and the bonds at C2 and C3 are nearly eclipsed, these features being similar to those observed for analogous compounds. The dihedral angle between the least-squares planes through the imidazolidine and furanose rings is 71.5 (7) °.
Crystal-packing analysis
The crystal cohesion is due mainly to van der Waals forces. Only the interactions C10-H10...O7 (! 2 +X, ½-y,-z) and C24-H242...O6 (-½ + x, ½-y,-z), linking molecules related by a screw axis parallel to [100] , may be considered as weak hydrogen bonds. Details of the geometry of these contacts are: C10-H10=1.08 (18) (14) °. As observed, the H...O distances of these contacts are, respectively, 0.23 and 0.16 A below the sum of the van der Waals radii of H and O (1.20 and 1.50 A) and the angle C-H-O is lower for the longer contact but appreciably above the accepted limit of 90 ° for the C-H...O hydrogen bonds (Taylor & Kennard, 1982) , so they can be considered as hydrogen bonds.
A minimization of the crystal lattice energy with respect to lattice constants, molecular translation and rotation and also subrotation of molecular fragments about selected bonds as axes was performed by means of the program PCK6 (Williams, 1972b (Williams, , 1974 starting from the experimental structure. Potential-energy functions in the form U(r) = -Ar -6 + B exp(-Cr) were used to represent the non-bonded interatomic potential energy. For runs including Coulombic interactions the atomic residual charges were empirically estimated (Skorczyk, 1976) . The set of potential parameters included parameters fitted by Williams (1972a) for C...C and H...H interactions, by Govers (1975) for N...N, by Mason & Kreevoy (1955) for O...O and S...S and parameters of Burgos & Bonadeo (1977) for Br.-.Br. For mixed interactions, combination rules of Mirskaya (1973) were used. Three runs of energy minimization were carried out for both exp(-6) and exp(-6-1) potential functions: in the first, the X-ray molecular structure was retained and the lattice constants were fixed; in the second, cell parameters were included as variables and, finally, five subrotations about selected bonds as axes were relaxed.
Representative results of energy minimization are given in Table 3 in which changes (%) of lattice parameters, translation of centre of mass, overall molecular rotation and changes in relaxed torsion angles are shown. The calculated value for lattice energy, not included in Table 3 , should be higher than the experimental one because of the representation of the intermolecular hydrogen bonds by van der Waals potential functions. However, in spite of the lack of significance for the calculated values of the lattice energy, the Coulombic term is found to make an appreciable contribution (40%) to the lattice energy, in agreement with previous results on analogous compounds. As shown in Table 3 , the inclusion of the cell parameters as variables leads to an expansion along a and b and a contraction along e with a cell volume expansion slightly higher for runs not including the Coulombic term. When molecular flexibility (subrotations) is incorporated an appreciably lower volume expansion is found.
Apart from this effect, the theoretical configuration agrees with the experimental structure. The optimized structure remains very similar with regard to the molecular parameters as shown in Table 3 : shifts of the positional molecular parameters are lower when molecular flexibility is included, but a higher value of the overall molecular rotation is observed in this case. The torsional angles of selected molecular fragments show in some cases (the ethyl group and two of the acetyl chains) a larger deviation for the experimental values but inclusion of the Coulombic term does not appreciably improve the fit. These discrepancies between experimental and theoretical parameters of molecular subrotations and the above-cited cell expansion could be attributed to limitations of the force-field approach, in particular the assumed transferability of potential parameters.
